AzospiriUum lipoferum 4T has original properties such as nonmotility, melanin synthesis, and laccase activity.
Laccases can oxidize, demethylate, polymerize, or depolymerize phenolic compounds. Laccases have been associated with lignification in plants (3) and with different biological mechanisms in fungi, such as phytopathogenicity or resistance to environmental or microbial stress (4) . The laccases oxidize p-and o-diphenols, whereas tyrosinases oxidize o-diphenols and monophenols. Laccases and tyrosinases are both classified in the polyphenoloxidase (PPO) group. PPOs are widespread in nature; laccases are present primarily in various fungi and higher plants, while the occurrence of tyrosinases in organisms is almost universal (20) . In bacteria, tyrosinase is the best known PPO-type enzyme and was first described in Streptomyces species (15) . In many soil diazotrophs, such asAzospirillum brasilense (25) , Azotobacter chroococcum (25) , and several Rhizobium strains (7), tyrosinase activity or melanin synthesis has also been reported. However, no data on the genetic or physiological roles of bacterial laccase activity were reported.
In a previous work, we reported on the melanin synthesis and identification of laccase activity in Azospirillum lipoferum 4T (10), a strain which was isolated from the rhizosphere of rice (30) . This strain showed other stable morphological and metabolic characteristics which were atypical for A. lipoferum species, such as lack of motility and acidification of media containing glucose, mannitol, or ribose (2). Both laccase activity and melanization could potentially contribute to adaptative mechanisms ofA. lipoferum 4T in the rhizosphere of rice, such as 02 or toxic phenol scavenging. These hypothesis were also discussed with respect to melanin-producing Rhizobium and Azotobacter strains (13, 27) . In this note, we report on the first isolation of TnS mutants affected in bacterial laccase activity and laccase-dependent melanization. We looked for a correlation between mutagenized loci and the existence of atypical phenotypes of A. lipoferum 4T. We also determined the localization of several mutations to cryptic plasmids in A. lipoferum 4T. Bacteria and growth conditions. A. lipoferum 4T (30) was grown at 28°C on TY medium (5), on Nfb medium (22) , on Nfb medium supplemented with 20 mM NH4Cl (NN), or on potato dextrose agar (PDA; Difco). Escherichia coli S17.1 (28) , har- boring plasmid pSUP102-Gm-Tn5-B20 (29) , was grown on Luria broth at 37°C. Concentrations of antibiotics used were 40 (kanamycin), 50 (colistin methane sulfonate), and 100 (streptomycin) pg/ml.
Laccase activity and melanization in A. lipoferum 4T. Before TnS mutagenesis inA. lipoferum 4T to identify loci required for melanization and laccase activity, we studied different media which allowed efficient laccase or melanin detection. Laccase activity was revealed with a specific substrate, syringaldazine (11) . A. lipoferum 4T colonies were lysed with 95% ethanol, and then 0.01 M potassium phosphate buffer (pH 6) and syringaldazine (1 mM), solubilized in 70% ethanol, were added. Another substrate for testing PPO activities, 2,2'-azinodi-(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS), was added after the medium was autoclaved, giving a final concentration of 0.1% (wt/vol) (26) . Melanin synthesis was observed in old colonies grown on TY medium for 4 weeks. The production of another secondary metabolite, a pink pigment previously found in A. lipoferum strains grown on PDA (14) , was also investigated. As in A. brasilense CD, this pigment was not produced by A. lipoferum 4T grown in the presence of diphenylamine (100 ,uM), an inhibitor of carotenoid synthesis (23) . This finding suggests a common biosynthetic origin.
Like several Rhizobium strains, A. lipoferum 4T produced a brown pigment only in old colonies grown on rich medium such as TY (7) . No melanization was obtained on minimal media (Nfb and NN) or on PDA, which induces the synthesis of a pink pigment as previously described (14) . Unlike the secondary metabolites such as melanin or pink pigment, laccase activity was revealed on both minimal media (Nfb and NN) and rich media (TY and PDA) ( melanin production by observing old colonies on TY medium. ABTS was used to confirm the initial results obtained with the syringaldazine test. Specific laccase activities were measured as previously described (10). We isolated 10 mutants which failed to produce melanin or to exhibit laccase activity. These mutants could be classified into two groups: one characterized by an alteration of melanization and of specific laccase activity (class 1), and the other characterized by the absence of both functions (class 2). The main characteristics of these mutants are summarized in Table  2 . The mutants of class 1 expressed laccase activity at 54% down to 6% of the wild-type level. In these mutants, the decreased expression levels of laccase activity were correlated with red-brown to light brown pigmentations obtained on TY medium. These loci could affect laccase activity at transcriptional or posttranscriptional levels and would not encode the structural gene for the laccase enzyme. Indeed, in Streptomyces antibioticus and in Rhizobium species, mutations in the structural gene of tyrosinase or in a positive regulatory gene conferred a melanization-negative phenotype (6, 19, 32) . In A. lipoferum 4T class 2 mutants (melanization and laccase negative), Tn5 insertions could affect different loci strictly required for melanization and laccase activity, such as the laccase structural gene or regulatory factors.
In a Rhizobium leguminosarum bv. phaseoli strain, genes involved in melanization are regulated by the nifA gene product (12) , and several mutants obtained from this strain were deficient for both melanization and nitrogen fixation (6) . In contrast, all of the TnS derivatives of A. lipoferum 4T described in this work were able to grow on nitrogen-free medium (Nfb), suggesting an independent regulation of both functions. Unlike other A. lipoferum strains, A. lipoferum 4T is nonmotile and did not acidify media containing glucose, (9) . We investigated the plasmidic or chromosomal localization of these insertions with Tn5 hybridization with intact plasmids which were purified by the Eckhardt method (8) . All class 1 mutations were presumably located on the chromosome, whereas in class 2, most mutations were on the same 300-MDa megaplasmid ( Table 2 ). In Rhizobium species, the role of both symbiotic and nonsymbiotic plasmids in the melanization process has been demonstrated (6, 7, 13, 19 
